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Description 

[0001] A diaphragm is provided that has a pre-failure 
sensing mechanism which is particularly useful in pump 
applications when a flexible barrier to chemicals is nec- 
essary. 

[0002] Pumps, such as those used in the chemical, 
petrochemical, or pharmaceutical industries, employ di- 
aphragms to separate the fluid being pumped from the 
fluid which initiates diaphragm actuation. Typically, 
these diaphragms are made of rubber, and undergo ex- 
tensive repetitive flexing while in use. In many instanc- 
es, the fluid being pumped is of a corrosive nature which 
often causes a diaphragm to fail rapidly. Failure of the 
diaphragm may result in corrosive liquid contaminating 
equipment. A diaphragm failure may also cause the re- 
lease of chemicals to an air stream that subsequently 
gets released into the environment where it may result 
in further damage or injury. 

[0003] To protect against such failure, many attempts 
have been made to extend the lives of such diaphragms. 
Often, chemically resistant materials such as poly- 
tetrafluoroethylene (PTFE) are used as an overlay to a 
rubber diaphragm so that the rubber is protected from 
the corrosive chemicals. This type of construction also 
has utility in protecting high purity fluids from contami- 
nation due to rubber degradation. In other instances, a 
chemically resistant material is used as the sole material 
of construction of the diaphragm. However, when PTFE 
is used as the sole material, or when used as an overlay, 
the PTFE fatigues more readily from flexing as com- 
pared to conventional rubbers. 

[0004] Failure of a diaphragm is normally preceded 
by the development of minute cracks, tears, and other 
discontinuities that propagate until there is a complete 
failure, at which time there is an unwanted passage of 
liquid between pump chambers. Attempts have now 
been made to predict beforehand the oncoming failure 
of a diaphragm. Such attempts include use of an elec- 
trically conductive material extending within a noncon- 
ductive, chemically inert diaphragm, as described in U. 
S. Patent 4,569,634. The electrically conductive mate- 
rial is in the form of a mesh screen, or web of conductive 
fibers and is designed to be spaced equally from both 
faces of the diaphragm. The use of such screens, mesh- 
es, or fibers within a nonconductive, chemically inert 
material, such as PTFE, causes abrasions within the 
nonconductive material, particularly when undergoing 
extensive flexing, which shortens the useful life of the 
diaphragm. 

[0005] Copending U.S. patent application. USSN 
08/110,684 (publication number WO 95/06205) pro- 
vides for a pre-failure warning pump diaphragm in which 
a barrier sheet of PTFE has embedded within it a thin 
flexible conductive fiber made of conductive PTFE. Be- 
fore the onset of failure, the conductive fiber detects the 
change in conductivity by suitable electronic means 
which signals imminent failure. However, change in fiber 



resistivity is very difficult to detect. Also, only a finite area 
of the face of the diaphragm is covered by the fiber, thus 
creating a possibility for an undetected failure. 
[0006] Other commercially available products include 
5 a Wil-Guard™ 1 Diaphragm Monitoring System made 
by Wilden Pump and Engineering Co., of Colton, Cali- 
fornia. This device provides for a resistivity sensor lo- 
cated between a PTFE overlay and a backup elastomer- 
ic material. This device also only detects leakage after 
io the diaphragm has failed. Moreover, additional and sub- 
stantial damage may occur it corrosive chemicals cause 
deleterious effects to the elastomeric backup material. 
[0007] Finally, other types of leak detection devices 
for pumps have been developed. U.S. Patent 5,062,770 
T5 to Story et al. provides for a containmenl chamber in a 
pump after the PTFE diaphragm has failed. Unfortu- 
nately, such devices do not detect pre-failure conditions. 
[0008] In addition, DE-A-2943509 discloses a method 
and device for monitoring the tightness of a moveable 
20 membrane, especially in a membrane pump in which 
penetration of the membrane by an electrically conduct- 
ing fluid is determined by electrical means. 
[0009] There is a need for a diaphragm that detects 
pre-failure conditions across the entire surface of the di- 
25 aphragm, provides for a longer useful life of the dia- 
phragm and is easily applied to conventional pumps 
without any design changes of the pump. 
[0010] According to the present invention, there is 
provided a flexible sensing element for detecting a de- 
30 teriorating condition of a barrier comprising: 

(a) first and second nonconductive layers having 
identical planar areas, and top and bottom surfaces; 

(b) a first conductive layer having a planar area of 
35 similar dimension to the nonconductive layers and 

the top and bottom surfaces, wherein the conduc- 
tive layer is located between the first and second 
non -conductive layers, wherein the first conductive 
layer is comprised at least in part of a porous fluor- 
40 opolymer materia! with a conductive particulate fill- 
er; 

(c) electrical leads connected to the conductive lay- 
er; whereby said 

(d) leads are also connectable to a detection sys- 
45 tern. 

[001 1 ] A sensing diaphragm is provided which is par- 
ticularly suitable for pump applications. The diaphragm 
is constructed with a sensing element provided as an 

so overlay to cover a surface of the elastomeric body. The 
elastomeric diaphragm body is preferably made of ne- 
oprene. The sensing element is a laminar composite 
having a shape similar to that of the elastomeric body 
and serves as both a barrier to the elastomeric body as 

ss well as a determinant of prefailure conditions. The sens- 
ing element has at least one conductive component and 
at least two nonconductive components. Electrical leads 
connect the conductive component to a detection sys- 
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tern. The conductive component preferably comprises 
densified previously expanded polytetrafluoroethylene 
(ePTFE) impregnated with a conductive particulate filler, 
such as carbon, for example. Likewise, the nonconduc- 
tive components preferably comprise densified previ- 
ously expanded polytetrafluoroethylene. 
[0012] Figure 1 is a schematic cross-sectional view of 
a conventional pump diaphragm housed within a pump 
chamber. 

[001 3] Figure 2 is a schematic cross-sectional view of 
the pre-failure sensing diaphragm housed within a pump 
chamber. 

[0014] Figures 3-6 are exploded cross-sectional 
views of the different configurations suitable as the 
sensing component used with the pre-failure sensing di- 
aphragm. 

[0015] Figure 7 is an exploded schematic view of a 
failure situation capable of being detected by the inven- 
tive pump. 

[0016] As used herein, the term "diaphragm" means 
a flexible barrier that divides two fluid containing cham- 
bers or compartments. Typically, such barriers are use- 
ful with diaphragm pumps, however these diaphragms 
may also be employed as a barrier layer between two 
compartments in any application where a fluid exists in 
one compartment and would cause deleterious effects 
if present in the other compartment. 
[001 7] The inventive pre-failure sensing diaphragm is 
capable of detecting wear and small cracks in this sens- 
ing component prior to effects on the elastomeric body. 
In addition, the sensing component serves as a barrier 
layer to the elastomeric body. By determining potential 
failure before the integrity of the barrier is substantially 
compromised, the user is able to perform repairs and 
service the pump on a scheduled basis, rather than un- 
der emergency circumstances. Also, because pre-fail- 
ure conditions exist, any hazardous fluids may be 
flushed from the system prior to such maintenance, thus 
reducing human exposure to these materials. In addi- 
tion, because the sensing element substantially covers 
the surface of the elastomeric body, potential areas of 
defects and cracks can be detected independent of size 
or location. The inventive diaphragm is also relatively 
easy to manufacture. 

[0018] The invention is best understood by reference 
to the accompanying figures. Figure 1 shows schematic 
cross-section of a conventional pump chamber, with the 
fluid inlet and exhaust as well as the separation of the 
fluid chamber A from the air chamber B by a conven- 
tional diaphragm 1. The diaphragm may include a lam- 
inated structure wherein one side 3 is a sheet of a chem- 
ically inert material, such as polytetrafluoroethylene 
(PTFE), and the other side is an elastomeric or other 
rubber body 5. 

[001 9] Figure 2 is a schematic cross-sectional view of 
the inventive pre-failure sensing diaphragm within a 
pump chamber wherein the diaphragm 10 is provided 
with a sensing element 12 that is connected to a voltage 



4 

and sensing/alarm circuit 20 via electrical leads 22. The 
diaphragm 10 also comprises an elastomeric body 14 
having a surface over which the sensing element 12 is 
laid. The sensing element 12 of the diaphragm also 
5 serves as a barrier to the elastomeric body 1 4, and may 
be constructed so as to have several different configu- 
rations. 

[0020] Figure 3 shows the most basic embodiment of 
the sensing element 12. More specifically, Figure 3 

io shows an exploded cross-sectional view of the layers 
comprising the laminate that serves as the sensing ele- 
ment 12. Here, a three layer laminate includes a first 
layer 30 of an inert nonconductive material. A preferred 
nonconductive material may include polytetrafluoroeth- 

15 ylene (PTFE), and more preferably includes densified 
previously expanded polytetrafluoroethylene (ePTFE). 
An intermediate layer 32 of a conductive pliable material 
is superimposed over the first layer. Materials suitable 
for this conductive pliable layer include expanded PTFE 

20 impregnated with a conductive carbon. An outer face 
layer 34, of the same material as the first inert layer 30, 
is provided as a third layer which is superimposed over 
first inner layer 30 and the intermediate layer 32. Also 
shown in Figure 3 is the elastomeric body 1 4 of the di- 

25 aphragm. 

[0021] Figure 4 shows a preferred embodiment of the 
invention, again in an exploded cross-sectional view. 
Here the material of the sensing element 12 is a multi- 
layer laminate including a first layer 40 of an inert non- 
30 conductive material, a first conductive layer 42, a sec- 
ond inert nonconductive layer 44, a second conductive 
layer 46, and a final outer face layer 48 of an inert non- 
conductive material. The positioning of an inert noncon- 
ductive layer 44 between the two conductive layers 42 
35 and 46 ensures that the sensing circuit is open while the 
sensing element is operational and free of cracks and 
other discontinuities. This embodiment requires that the 
first layer 40 of inert nonconductive material be disposed 
adjacent to the elastomeric body 14. The layer 40 thus 
40 serves as the final layer of protection to the elastomeric 
body 14 even after a discontinuity or crack is detected 
in the outer and conductive layers (42-48). Thus, the 
sensing element 1 2 detects a pre-failure situation as lay- 
er 40 remains intact and protects the elastomeric body 
45 14 from contamination of corrosive fluids prior to any 
leakage. The conductive sensing layers 42 and 46 may 
be located at any position throughout the element 12 
depending on the application. Figure 4 shows the con- 
ductive layers 42 and 46 at a position relatively close to 
so the elastomeric body 14 so that the user is alerted in 
sufficient time to take necessary action, but not so soon 
that the diaphragm life is significantly reduced. 
[0022] Also, and as likewise shown in Figure 2, the 
two conductive layers 42 and 46 are parallel to one an- 
55 other and each layer is independently connected to a 
sensing circuit via electrical leads. 
[0023] Figure 5 shows a sensing element 12 further 
provided with an additional flexible conductive layer 50 
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that is positioned between first layer of nonconductive 
material 40 and the elastomeric body 1 4. This additional 
flexible conductive layer 50 covers the face of the elas- 
tomeric body 14 and is also attached by electrical leads 
to an alarm system. This additional layer 50 serves as 
a second alarm system that detects actual contamina- 
tion of the elastomeric body 1 4. 

[0024] Figure 6 shows a sensing element 1 2 having 
multiple parallel conductive layers (60, 64, 68) wherein 
each conductive layer is adjacent to a flexible noncon- 
ductive layer (62, 66, 70). These alternate conductive 
layers may be connected to various circuits to detect 
progressive breakdown of a diaphragm as cracks prop- 
agate through the layers and the contaminating liquid 
permeates these layers until it reaches the elastomeric 
body 14, at which time the diaphragm will ultimately fail. 
Such an embodiment is a useful research tool to enable 
measurement of rate of degradation at each stage. Any 
number of alternating parallel conductive and noncon- 
ductive layers may be employed depending on material 
dimensions and desired functionality. 
[0025] Figure 7 shows an exploded schematic repre- 
sentation of a crack or discontinuity in the sensing ele- 
ment 1 2 that ultimately leads to failure of the diaphragm. 
Reference may also be made to Figure 2. Here a crack 
or discontinuity will appear in the outermost layer 48 of 
the sensing element and propagate through the conduc- 
tive layer 46 which is connected to a sensing source and 
proceed through to the inner conductive layer 42 which 
is connected to voltage source. As a crack or disconti- 
nuity appears and grows, an entryway for fluid is also 
created. Thus, contaminating fluid proceeds past the 
outer conductive layer 46 and ultimately contacts the in- 
ner conductive layer 42. The fluid at this point will con- 
duct current from the inner conductive layer 42 to the 
outer conductive layer 46 thereby closing the sensing 
circuit and triggering an alarm. As can be seen, by pro- 
viding an innermost nonconductive insulating layer 40 
adjacent the elastomeric body 1 4, a pre-failure condition 
is detected so that the user has ample time to remedy 
the situation prior to propagation of a discontinuity 
through the innermost layer 40. 
[0026] For any of the above described embodiments, 
the resilient elastomeric layer can be a thermosetting 
elastomer, thermoplastic elastomer, or a thermoplastic 
polymer having a flexural elastic modular (ASTM 
D790-84A) of less than 1,400 MPa. 
[0027] The thermosetting elastomer can be a fluoroe- 
lastomer including perfluoroeiastomers, fluoroelas- 
tomer containing silicone moieties, nitrile elastomer, 
acrylic elastomer, olefin diene elastomer, chlorosui- 
fonated polyethylene elastomer, polychloroprene elas- 
tomer, butyl and halogenated butyl elastomer, styrene- 
butadiene elastomer, polydiene elastomer, or silicone 
elastomer. Preferred elastomers include Neoprene, a 
chlorobutadiene and Viton®, a fluoroelastomer com- 
mercially available from E. I. DuPont de Nemours, Inc. 
of Wilmington, DE. 



[0028] The thermoplastic elastomer can be a poly* 
etherester elastomer, polyurethane elastomer, styrene 
polyolefin block copolymer elastomer, polyamide elas- 
tomer, or ethylene copolymer elastomer. 

5 [0029] The thermoplastic having a flexural elastic 
modulus (ASTM D790-84A) less than 1,400 MPa, can 
be selected from fluorinated thermoplastics such as co- 
polymers of tetrafluoroethylene, copolymers o1 vinyli- 
dene fluoride, copolymers of chlorotrifluoroethylene, 

10 polyolefins, or plasticized polyvinyl chlorides. 

[0030] The sensing element of any of the embodi- 
ments described above have identical components, but 
vary in the number and location of conductive and non- 
conductive layers as can be seen in Figures 3-6. The 

15 inert nonconductive chemical resistant layers serve as 
a barrier against corrosive chemicals, or serve to main- 
tain the purity of the fluid within the chamber to which 
the diaphragm is applied. The nonconductive layers are 
preferably PTFE, and are most preferably expanded 

so PTFE which is subsequently densified, as described in 
U.S. Patent 5,374,473 (An example of full density PTFE 
is skived PTFE). As described above, the PTFE layer 
provides an inert protective surface that is resistant to 
degradation by corrosive chemicals, which thereby in- 

25 creases the durability and chemical resistance of any 
underlying elastomeric layer. 

[0031] The conductive layer(s) of the sensing element 
are preferably made of a chemically inert material, such 
as expanded porous PTFE that has been filled or im- 

30 pregnated with conductive carbon and subsequently 
densified. This filled or impregnated PTFE may be 
formed by blending a fine powder PTFE resin with min- 
eral spirit and then adding a conductive particulate filler 
to obtain a compound of fine powder PTFE resin and 

35 conductive particulate filler as described in U.S. Patent 
No. 4,985,296 herein incorporated by reference. The 
amount of conductive particulate used as a filler should 
be greater than 1% and less than 90% by weight.. 
[0032] As described in U.S. Patent No. 4,985,296, 

40 compression and densification increases contact be- 
tween individual conductive particulate filler particles 
thereby increasing conductivity of the ePTFE matrix in 
continuous film form. To increase the strength of the thin 
ePTFE matrix in continuous film form, multiple layers of 

45 the extrudate may be stacked longitudinally and calen- 
dared upon one another to form an integral article. The 
article is subsequently dried, expanded, and densified 
to produce a thin ePTFE matrix of greater strength when 
compared to an analogous thin ePTFE matrix produced 

50 from a single layer. The thin ePTFE matrix may then be 
heat treated as taught in U.S. Patent 3,953,566. 
[0033] The sensing element 12 may be constructed 
as follows. A first layer of inert nonconductive material 
is obtained. This layer of inert nonconductive materia! 

55 may in fact be one or more plies of film, such as ePTFE 
film that are stacked on top of each other. Next, a con- 
ductive layer such as carbon filled ePTFE is superim- 
posed on the first layer. Depending on the particular ap- 
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plication, additional layers of inert nonconductive mate- 
rial followed by a second conductive layer are plied to- 
gether to form a stack and build up the sensing element. 
If a conductive layer is desired as a bottommost layer to 
indicate complete failure of the sensing element as a 
barrier, such as that shown in Figure 5, an additional 
conductive layer such as carbon filled ePTFE may be 
placed underneath the stack. For any of the construc- 
tions, care must be taken to ensure that the conductive 
layers do not contact each other. 
[0034] In addition, an inert film may also be inserted 
between the conductive and nonconductive layers to 
prevent a portion ot these conductive layers from bond- 
ing to the nonconductive layers so that electrical con- 
nections can be made at a later time. Alternatively, elec- 
trical lead wires may be inserted directly into the stack 
of plies or layers during construction. 
[0035] If the stack of nonconductive and conductive 
layers comprises layers of expanded PTFE, the stack 
of multi-layers may then be compressed and sintered 
so that the final density of the composite of stacked lay- 
ers is at least 2.10 g/cc. The post compression thickness 
of the sensing element is controlled by varying the total 
number of layers or plies used. 

[0036] The sensing element 1 2 may be used alone or 
may be attached to a sheet of uncured elastomeric that 
is to be formed into an elastomeric body 14. When the 
sensing element 12 has a bottom layer ol PTFE to be 
attached to the elastomeric sheet, its contacting surface 
may be etched with a material such as alkali naph- 
thanate so as to increase the surface energy of the PT- 
FE thereby increasing its adhesion to the elastomer. To 
further facilitate bonding of the PTFE to the elastomeric 
body, an adhesive may also be applied to the etched 
surface. Such as Chemlok 250 available from Lord 
Corp., of Erie, PA. 

[0037] The sensing element 12 and sheet of uncured 
elastomer 14 are then cut to a shape and size which 
enables it to be molded without interfering with the mold 
closure. Typically this requires that they be cut in the 
shape of circles. The elastomer and sensing element 
are then assembled into a pre-form and molded to a de- 
sired shape. If a thermoplastic elastomer is used instead 
of an uncured elastomer such as neoprene or Viton®, 
an injection molding step may take the place of the com- 
pression molding step. 

EXAMPLE 

[0038] A sensing element 1 2 and elastomeric body 1 4 
were used to construct a diaphragm for a pump appli- 
cation as shown in Figure 2. The sensing element was 
first constructed according to the following procedures. 
[0039] Three plies of expanded polytetrafluoroethyl- 
ene (ePTFE) membrane, each 61 cm X 92 cm were 
plied together to form an integral layer. One layer of con- 
ductive carbon filled ePTFE (5% by weight) of the same 
dimensions was placed on top of the ePTFE layer. As a 



means to prevent an electrical short between the layers 
by the center shaft of the pump upon installation, a hole 
having a diameter of 5 cm was cut in this conductive • 
layer at a position approximately 30 cm from a long edge 

5 and at least 15 cm from a shorter edge. Subsequently, 
three plies of ePTFE membrane (forming an integral lay- 
er), a second layer of conductive carbon filled ePTFE 
(5% by weight) and four plies of ePTFE were placed on 
top of the first conductive layer to form a stack. A strip 

10 (1 5 cm wide) of Kapton® polyimide film, available from 
E. I. DuPont de Nemours Co., of Wilmington, DE was 
placed on top of each conductive carbon filled ePTFE 
layer along the same long edge from which the meas- 
urement for the hole in the first conductive layer was tak- " 

15 en. The placement of this polyimide strip prevents one 
side of each of the conductive carbon filled ePTFE lay- 
ers from bonding to the ePTFE layers in this region. 
[0040] The composite assembly was then placed be- 
tween two stainless steel plates of the same dimen- 

20 sions. The material and plates were then packaged in a 
flexible container made of Kapton® polyimide film. A 
vacuum of 755 mm Hg was drawn inside the package. 
The package was then loaded into an autoclave (avail- 
able from Vacuum Press International) and subjected to 

25 a pressure of 1.7 MPa while being heated to 370°C in 
accordance to the teachings of U.S. Patent 5,374.473. 
[0041] A disc was cut from the composite assembly 
with a circular cutting die (29 cm in diameter) to form a 
sensing element. To cut this disc, the die was positioned 

30 to be concentric with the hole cut from one of the con- 
ductive layers. Due to the translucent nature of the com- 
pressed material, this point was easily identified. The 
composite sensing element was then etched on one sur- 
face with TETRA-ETCH® solution, (an alkali naph- 

35 thanate solution available from W. L. Gore & Associates, 
Inc. of Elkton, MD) to facilitate its bonding to the elas- 
tomer which was subsequently applied. An adhesive, 
Chemlok 250 available from Lord Corporation of Erie, 
PA, in a 40% by volume toluene solution was applied by 

40 brush to the etched surface and allowed to dry at room 
temperature for about 30 minutes. 
[0042] A layer of nylon reinforced neoprene having a 
thickness of 3.8 mm was cut with a die (having a diam- 
eter of 23.5 cm) and subsequently placed concentric to 

45 the sensing element such that the etched and adhesive 
applied surface was facing the neoprene. The resulting 
pre-form weight was 362 grams. This pre-form was then- 
placed in a diaphragm mold. The mold was compressed 
in a platen press at a pressure of 1 .72 MPa and a tem- 

50 perature of 186°C for 6 minutes. The composite dia- 
phragm was then removed and allowed to cool. Excess 
material on the outside of the compressed area was 
trimmed except for a 1.25 cm wide strip of material in 
the region of the PTFE in which the Kapton® strip was 

55 located to prevent bonding of the conductive to the non- 
conductive layers. 

[0043] Two 20 gauge copper wires insulated with pol- 
yvinyl chloride were each cut to a length of 25.4 cm. Ap- 
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proximately 2.5 cm of insulation was stripped from one 
end of each of the wires. These ends were then bent 
into a hook shape to enhance mechanical retention 
when installed within the layers of the sensing element. 
Two strips of fluorinated ethylene propylene (FEP) film 
(each 4 cm by 7.5 cm having thicknesses of .125 cm) 
were cut. The hooked end of one of the copper wires 
was placed on top of the exposed part of the conductive 
layer (i.e. voltage layer) closest to the etched inert non- 
conductive layer. One of the FEP strips was then placed 
over the hooked end of the wire and both strip and wire 
were then adhered in place such the FEP strip did not 
interfere with further processing. The second electrical 
wire and strip of FEP were similarly secured on top of 
the second conductive layer (i.e. sensing layer). This as- 
sembly was then heat sealed together with an Impulse 
Heat Sealer commercially available from Vertrod Cor- 
poration of Brooklyn, NY. Two additional FEP strips 
(each having a width of 5 cm, length of 7.5 cm and thick- 
ness of .125 cm) were placed on the top and bottom of 
the heat sealed assembly and also heat sealed to pre- 
vent electrical shorts in this region. 
[0044] The periphery of the entire composite dia- 
phragm was then sealed with butyl rubber by first etch- 
ing the outside edge and then applying the butyl rubber 
caulk with a spatula. The caulking material was allowed 
to cure over 24 hours. The composite diaphragm was 
first tested for electrical shorts by connecting it to a 
Mega-Ohm meter and measuring the resistance. The 
meter dial indicated on the 1 00 M£2 scale, indicating that 
sufficient electrical insulation between the conductive 
layers was present. 

[0045] The composite diaphragm was installed in a 
pump (Wilden M-4 air operated diaphragm pump com- 
mercially available from Wilden Pump and Engineering 
of Colton, CA) and oriented so that the electrical leads 
protruded from one of the gaps in the sealing rings. The 
pump was then operated under harsh conditions (690 
kPa inlet air pressure, 345 kPa of head pressure) to ex- 
pedite diaphragm failure. The Mega-Ohm meter reading 
dropped initially to 1.5 MQ upon initiation of diaphragm 
flexing due to the electric current generated by the mo- 
tion of the diaphragm. The meter was then monitored 
periodically so that the pump could be shut down when 
the resistance dropped to ensure that the pumping fluid 
(water) was completing the circuit. The target resistance 
threshold value was 500 kohms. Approximately 56 
hours after initiation of the test, it was observed that the 
resistance value was 200 kohms. The pump was shut 
down and the diaphragm was removed and dried in an 
oven. 

[0046] Upon inspection, it was observed that the com- 
posite diaphragm had worn through to at least one of 
the conductive layers, but was still protected by the inert 
nonconductive layer adjacent the neoprene so that the 
neoprene was unaffected by the harsh treatment. To 
confirm that the resistance drop was in fact due to the 
expected wearing through the sensing element, the 



composite diaphragm was reconnected to the meter 
and resistance was measured to be 350 MO. A damp- 
ened sponge was then brought into contact with each 
of the suspected abrasion regions of the diaphragm and 

s the resistance was again tested. Upon contact with 
these regions, the resistance dropped to 1 MQ indicat- 
ing that fluid had completed the circuit between conduc- 
tive layers of the sensing element. 
[0047] Other embodiments of the invention will be ap- 

io parent to those skilled in the art from a consideration of 
this specification or practice of the invention disclosed 
herein. It is intended that the specification and example 
be considered as exemplary only, with the true scope of 
the invention being indicated by the following claims. 

15 

Claims 

1 . A flexible sensing element (1 2) for detecting a de- 
20 teriorating condition of a barrier comprising: 

(a) first (30) and second (34) nonconductive 
layers having identical planar areas, and top 
and bottom surfaces, 

25 (b) a first conductive layer (32) having a planar 

area of similar dimension to the nonconductive 
layers (30, 34) and top and bottom surfaces 
wherein the conductive layer (32) is located be- 
tween the first and second nonconductive lay- 

30 ers (30, 34) wherein the first conductive layer 

(32) is comprised at least in part of a porous 
fluoropolymer material with a conductive partic- 
ulate filler; 

(c) electrical leads (22) connected to the con- 
35 ductive layer; whereby said 

(d) leads (22) are also connectable to a detec- 
tion system (20). 

2. A flexible sensing element (1 2) as claimed in claim 
40 1 in which the first conductive layer (32) is com- 
prised of expanded polytetrafluoroethylene impreg- 
nated with a conductive particulate filler. 

3. A flexible sensing element (1 2) as claimed in claim 
45 1 or 2, further comprising a second conductive layer 

(46) attached to a nonconductive layer (48), both 
layers having planar areas similar to the other non- 
conductive (40) and conductive layers (42), wherein 
said second conductive layer (46) is attached to a 

so nonconductive layer (44) on the surface opposite 
the surface attached to the first conductive layer 
(42) so that the second conductive layer (46) is also 
sandwiched between two nonconductive layers (48, 
44) and an electrical lead (22) is connected to said 

S5 second conductive layer (46) and detection system 
(20). 

4. A flexible sensing element (1 2) as claimed in claim 
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3 turlher comprising a third conductive layer (50) 
having a planar area similar to the other layers (40, 
42, 44, 46), wherein said third conductive layer (50) 
is attached to only one nonconductive layer (40) 
and has an exposed surface. 

5. A flexible sensing element (1 2) as claimed in any of 
claims 1 to 4, wherein each nonconductive layer 
(30, 34; 40, 44, 48) is comprised of densified ex- 
panded polytetrafluoroethylene. 

6. A flexible diaphragm (10) comprising: 

(a) a resilient elastomeric body (14); 

(b) a flexible sensing element (12) and barrier 
having a least two nonconductive layers (30, 
34; 40, 44, 48; 62, 66, 70) and at least one con- 
ductive layer (32; 42, 46; 60, 64, 68) sand- 
wiched between the two nonconductive layers 
(30, 34; 40, 44, 48; 62, 66, 70) and means for 
attaching the flexible sensing element (12) to 
the resilient elastomeric body (14); 

(c) electrical leads (22) connected to the con- 
ductive layer (32; 42, 46; 60, 64, 68) of the 
sensing element (12) ; whereby said 

(d) electrical leads (22) are also connectable to 
a detection system (20); and wherein at least 
one conductive layer (32; 42, 46; 60, 64, 68) of 
the flexible sensing element (12) is comprised 
of at least in part a porous fluoropolymer mate- 
rial impregnated with a conductive particulate 
filler and the nonconductivo layers (30, 34; 40, 
44, 48; 62, 66, 70) of the flexible sensing ele- 
ment (12) are comprised of a layer of poly- 
tetrafluoroethylene. 

7. A diaphragm (1 0) as claimed in claim 6 in which said 
at least one conductive layer (32; 42, 46; 60, 64, 68) 
of the flexible sensing element (1 2) is comprised of 
expanded polytetrafluoroethylene. 

8. A diaphragm (1 0) as claimed in claim 6 or 7 wherein 
the diaphragm (10) is designed for use in a dia- 
phragm pump. 

9. A diaphragm (10) as claimed in any of claims 6 to 
8, wherein the elastomeric body is Neoprene (Reg- 
istered Trade Mark). 

10. A diaphragm (10) as claimed in any of claims 6 to 
8, wherein the elastomeric body (14) is selected 
from the group consisting of thermosetting elastom- 
ers, thermoplastic elastomers, and thermoplastic 
polymers having a flexural elastic modulus of less 
than 1,400 MPa. 

11. A diaphragm (10) as claimed in claim 10, wherein 
the thermosetting elastomers are selected from the 



group consisting of perfluoroelastomers, fluoroe- 
lastomer containing silicone moieties, nitrile elas- 
tomer, acrylic elastomer, olefin diene elastomer, 
chlorosulfonated polyethylene elastomers, poly- 
s chloroprene elastomer, butyl and halogenated butyl 
elastomer, styrene butadiene elastomer, polydiene 
elastomer and silicone elastomer. 

12. A diaphragm (10) as claimed in claim 10 or 11, 
io wherein the thermoplastic elastomer is selected 

from the group consisting of copolyether elastomer, 
polyurethane elastomer, styrene polyolefin block 
copolymer elastomer, polyamide elastomer, and 
ethylene copolymer elastomer. 

15 

13. A diaphragm (10) as claimed in any of claims 6 to 
12 wherein the polytetrafluoroethylene of the non- 
conductive layers (30, 34; 40, 44, 48; 62, 66, 70) is 
densified expanded polytetrafluoroethylene. 

20 

14. A diaphragm (10) as claimed in any of claims 6 to 

13, wherein the conductive particulate filler is con- 
ductive carbon. 

25 15. A diaphragm (10) is claimed in any of claims 6 to 

14, wherein the sensing element (12) comprises an 
assembly of superimposed layers including a non- 
conductive component (40), a first conductive com- 
ponent (42), a second nonconductive component 

30 (44), a second conductive component (46). and a 
third nonconductive component (48). 

16. A diaphragm (10) as claimed in claim 15, wherein 
the sensing element (12) further comprises a third 

35 conductive component (50) that is located adjacent 
to the resilient elastomeric body (14). 

17. A diaphragm (10) as claimed in any of claims 6 to 
14 wherein the sensing element (12) comprises a 

40 plurality of conductive and nonconductive compo- 
nents that are layered on top of each other such that 
each conductive component is located between Iwo 
nonconductive components. 

45 

Patentanspruche 

1. Flexibtes Sensorelement (12) zur Erfassung eines 
Beeintrachtigungszustands einer Barriere, umfas- 
50 send: 

(a) eine erste (30) und eine zweite (34) nicht- 
teitende Schicht mit identischen ebenen Fla- 
chen sowie Ober- und Unterseiten, 

55 

(b) eine erste leitende Schicht (32) mit einer 
ebenen Flache ahnlicher Abmessung wie die 
nicht-leitenden Schichten (30, 34) sowie Obe- 
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fund Unterseiten, wobei die leitende Schicht 
(32) sich zwischen der ersten und der zweiten 
nicht-leitenden Schicht (30, 34) befindet und 
die erste leitende Schicht (32) zumindest teil- 
weise aus einem porosen Fluorpolymer-Mate- s 
rial mit einem leitenden teilchenformigen Fullst- 
off besteht; 

(c) elektrische Leitungen (22). die an die leiten- 
de Schicht angeschlossen sind; wobei io 

(d) die Leitungen (22) auch mit einem Detek- 
torsystem (20) verbindbar sind. 

2. Flexibles Sensorelement (12) nach Anspruch 1 , bei is 
dem die erste leitende Schicht (32) aus expandier- 
tem Polytetrafluorethylen besteht, das mit einem 
leitenden teilchenformigen Fullstorf impragniert ist. 

3. Flexibles Sensorelement (12) nach Anspruch 1 20 
oder 2, umfassend eine zweite leitende Schicht 
(46), die an einer nicht-leitenden Schicht (48) befe- 
stigt ist, wobei beide Schichten ebene Flachen auf- 
weisen, die ahniich der anderen nicht-leitenden 
(40) und leitenden Schicht (42) sind, wobei die 25 
zweite leitende Schicht (46) an einer nicht-leitenden 
Schicht (44) auf der mit der ersten leitenden Schicht 
(42) verbundenen Flache abgewandten Flache ver- 
bunden ist, so daft die zweite leitende Schicht (46) 
ebenfalls zwischen zwei nicht-leitenden Schichten 00 
(48, 40) eingeschlossen ist, wobei eine elektrische 
Leitung (22) an die zweite leitende Schicht (46) und 
das Detektorsystem (20) angeschlossen ist. 

4. Flexibles Sensorelement (12) nach Anspruch 3, 35 
weiterhin umfassend eine dritte leitende Schicht 
(50) mit einer ebenen Flache ahniich den ubrigen 
Schichten (40, 42, 44, 46), wobei die dritte leitende 
Schicht (50) nur an einer nicht-leitenden Schicht 
(40) befestigt ist und eine freiliegende Flache be- to 
sitzt. 

5. Flexibles Sensorelement (12) nach einem der An- 
spruche 1 bis 4, bei dem jede nicht-leitende Schicht 
(30, 34; 40, 44, 48) aus verdichtetem expandiertem 45 
Polytetrafluorethylen besteht. 

6. Flexible Membran (10), umfassend: 

(a) einen elastischen Elastomer-Korper (14); 50 

(b) ein flexibles Sensorelement (12) und eine 
Barriere mit mindestens zwei nicht-leitenden 
Schichten (30, 34; 40, 44, 48; 62, 66, 70) und 
mindestens einer leitenden Schicht (32; 42, 46; ss 
60, 64, 68), die zwischen den zwei nicht-leiten- 
den Schichten (30, 34; 40, 44, 48; 62, 66, 70) 
eingeschlossen ist, und mit einer Einrichtung 



zum Befestigen des flexiblen Sensorelements 
(12) an dem Elastomer-Korper (14); 

(c) elektrische Leitungen (22), die an die leiten- 
de Schicht (32; 42, 46; 60, 64, 68) des Sensor- 
elements (12) angeschlossen sind, wobei 

(d) die elektrischen Leitungen (22) auch an ein 
Detektorsystem (20) anschiieBbar sind, wobei 
mindestens eine leitende Schicht (32; 42, 46; 
60, 64, 68) des flexiblen Sensorelements (12) 
zumindest teilweise aus einem porosen Fluor- 
polymer-Material besteht, das mit einem leiten- 
den teilchenformigen Fullstoff impragniert ist, 
und die nicht-leitenden Schichten (30, 34; 40, 
44, 48; 62, 66, 70) des flexiblen Sensorele- 
ments (12) aus einer Schicht aus Polytetrafluo- 
rethylen bestehen. 

7. Membran (10) nach Anspruch 6, bei der die minde- 
stens eine leitende Schicht (32; 42, 46; 60, 64, 68) 
des flexiblen Sensorelements (12) aus expandier- 
tem Polytetrafluorethylen besteht. 

8. Membran (1 0) nach Anspruch 6 Oder 7, ausgebildet 
zur Verwendung in einer Membranpumpe. 

9. Membran (10) nach einem der Anspruche 6 bis 8, 
bei der der Elastomer-Korper Neopren ist (regi- 
strierte Marke). 

10. Membran (10) nach einem der Anspruche 6 bis 8, 
bei der der Elastomer-Korper (14) ausgewahlt ist 
aus derGruppe, die hitzehartbare Elastomere, ther- 
moplastische Elastomere sowie thermoplastische 
Polymere mit einem Biegeelastizitatsmodul von we- 
nigerals 1400 MPa enthalt. 

11 . Membran (1 0) nach Anspruch 1 0, bei der die hitze- 
hartbaren Elastomere ausgewahlt sind aus der 
Gruppe, die aus Perfluorelastomeren, Siliconhalf- 
ten enthaltenden Fluorelastomeren, Nitrilelasto- 
mer, Acrylelastomer, Olefin-Dien-Elas!omer, chlor- 
sulfonatierte Pol yethylen elastomere, Polychloro- 
pren-Elastomer, Butyl- und halogeniertes Butylela- 
stomer. Sty rol-Butadien -Elastomer, Polydien-Ela- 
stomer und Siliconelastomer besteht. 

12. Membran (10) nach Anspruch 10 oder 11, bei der 
das thermoplastische Elastomer ausgewahlt ist aus 
der Gruppe, die aus Copolyether-Elastomer, Poly- 
urethanelastomer, Styrol-Polyolefin-Blockcopoly- 
mer-Elastomer, Polyamidelastomer und Ethylenco- 
polymer-Elastomer besteht. 

13. Membran (10) nach einem der Anspruche 6 bis 12, 
bei der das Polytetrafluorethylen in den nicht-leiten- 
den Schichten (30, 34; 40, 44, 48; 62, 66, 70) ver- 
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dichtetes expandiertes Polytetrafluorethyien ist. 

14. Membran (10) nach einem der Anspruche 6 bis 13, 
bei der der leitende teilchenformige FOIIstoff leiten- 
der Kohlenstoff ist. 

15. Membran (10) nach einem der Anspruche 6 bis 14, 
bei der das Sensorelement (12) eine Anordnung 
aus ubereinandergeschichteten Lagen aufweist, 
umfassend eine nicht-leitende Komponente (40), 
eine erste leitende Komponente (42), eine zweite 
nicht-leitende Komponente (44), eine zweite leiten- 
de Komponente (46) und eine dritte nicht-leitende 
Komponente (48). 

16. Membran (10) nach Anspruch 15, bei der das Sen- 
sorelement (12) auBerdem eine dritte leitende 
Komponente (50) aufweist, die benachbart zu dem 
elastischen Elastomer-Korper (14) angeordnet ist. 

17. Membran (10) nach einem der Anspruche 6 bis 14, 
bei der das Sensorelement (12) mehrere leitende 
und nicht-leitende Komponenten aufweist, die 
ubereinander gelegt sind, so daf3 jede leitende 
Komponente sich zwischen zwei nichi-leitenden 
Komponenten befindet. 



Revendications 

1 . Element de detection souple (1 2) pour detecter un 
etat de deterioration d'une barriere comprenant : 

(a) des premiere (30) et deuxieme (34) couches 
non conductrices ayant dos zones planes iden- 
tiques, et des surfaces superieure et inf6rieure, 

(b) une premiere couche conductrice (32) ayant 
une zone plane de dimensions similaires a cel- 
les des couches non conductrices (30, 34) et 
des surfaces superieure et inferieure, la couche 
conductrice (32) etant placee entre les premie- 
re et deuxieme couches non conductrices (30, 
34), la premiere couche conductrice (32) se 
composant, au moins en partie, d'un materiau 
fluoropolymere poreux contenant une matiere 
de remplissage particulate conductrice ; 

(c) des conducleurs electriques (22) raccordes 
a la couche conductrice ; moyennant quoi 

(d) lesdits conducteurs (22) peuvent egalement 
etre raccordes a un systeme de detection (20). 

2. Element de detection souple (12) selon la revendi- 
cation 1, dans lequel la premiere couche conductri- 
ce (32) se compose d'un polytetrafluorethylene ex- 
panse impregne cfune matiere de remplissage par- 
ticulate conductrice. 

3. Element de detection souple (12) selon la revendi- 



cation 1 ou 2, comprenant en outre une deuxieme 
couche conductrice (46) fixee a une couche non 
conductrice (48), les deux couches ayant des zones 
planes semblables aux autres couches non con- 

5 ductrice (40) et conductrice (42). ladite deuxieme. 
couche conductrice (46) etant fixee a une couche 
non conductrice (44) sur la surface opposee a la 
surface fixee sur la premiere couche conductrice 
(42), de telle sorte que la deuxieme couche conduc- 

10 trice (46) soit egalement intercaiee entre deux cou- 
ches non conductrices (48, 44) et un conducteur 
electrique (22) est raccorde a ladite deuxieme cou- 
che conductrice (46) et au systeme de detection 
(20). 

15 

4. Element de detection souple (1 2) selon la revendi- 
cation 3, comprenant en outre une troisieme cou- 
che conductrice (50) ayant une zone plane sembla- 
ble aux autres couches (40, 42, 44, 46), ladite troi- 

20 sieme couche conductrice (50) n'etant fixee qu'a 
une couche non conductrice (40) et possedant une 
surface exposee. 

5. Element de detection souple (12) selon I'une quel- 
25 conque des revendications 1 a 4, dans lequel cha- 

que couche non conductrice (30, 34 ; 40, 44, 48) se 
compose de polytetrafluorethylene expanse densi- 
fie. 

30 6. Membrane souple (10) comprenant : 

(a) un corps elastomere elastique (14) ; 

(b) un element de detection souple (12) et une 
barriere ayant au moins deux couches non con- 

35 ductrices (30, 34 ; 40, 44, 48 ; 62, 66, 70) et au 

moins une couche conductrice (32 ; 42, 46 ; 60. 
64, 68) intercaiee entre les deux couches non 
conductrices (30, 34 ; 40, 44, 48 ; 62, 66, 70) 
et des moyens pour fixer I'element de detection 

40 souple (12) sur le corps elastomere elastique 

04); 

(c) des conducteurs electriques (22) raccordes 
a la couche conductrice (32 ; 42, 46 ; 60, 64, 
68) de I'element de detection (12) ; moyennant 

45 quoi 

(d) lesdits conducteurs electriques (22) peu- 
vent etre Egalement raccordes a un systeme de 
detection (20) ; et dans lequel au moins une 
couche conductrice (32 ; 42, 46 ; 60, 64, 68) de 

so I'element de detection souple (1 2) se compose, 

au moins en partie, d'un materiau fluoropoly- 
mere poreux impregne d'une matiere de rem- 
plissage particulate conductrice et les couches 
non conductrices (30, 64 ; 40, 44, 48 ; 62, 66, 

ss 70) de ^element de detection souple (12) se 

composent d'une couche de polytetrafluorethy- 
lene. 
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7. Membrane (10) selon la revendication 6, dans la- 
quelle laditeau moins unecouche conductrice (32 ; 
42. 46 ; 60, 64, 68) de i'element de detection souple 
(12) se compose de polytStrafluorethylene expan- 
se. 

8. Membrane (10) selon la revendication 6 ou 7, dans 
laquelie la membrane (10) est concue pour §tre uti- 
lisee dans une pompe a membrane. 

9. Membrane (10) selon Tune quelconque des reven- 
dications 6 a 8, dans laquelie le corps elastomere 
est le neoprene (marque deposee). 

10. Membrane (10) selon Tune quelconque des reven- 
dications 6 a 8, dans laquelie le corps Elastomere 
(1 4) est choisi dans le groupe comprenant les Glas- 
tomeres thermodurcissables, les elastomeres ther- 
moplastiques, et les polymeres thermoplastiques 
ayant un module d'Slasticite inferieur a 1400 MPa. 



deuxieme composant conducteur (46), et un troisie- 
me composant non conducteur (48). 

16. Membrane (10) selon la revendication 15, dans la- 
5 quelle i'element de detection (12) comprend en 

outre un troisieme composant conducteur (50) qui 
est place a proximite du corps elastomere elastique 
(14). 

10 17. Membrane (10) selon Tune quelconque des reven- 
dications 6 a 14, dans laquelie I'element de detec- 
tion (12) comprend une pluralite de composants 
conducteurs et non conducteurs couches les uns 
au-dessus des autres, de telle sorte que chaque 

is composant conducteur soit place entre deux com- 
posants non conducteurs. 
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11. Membrane (10) selon la revendication 10, dans la- 
quelie les elastomeres thermodurcissables sont 
choisis dans le groupe comprenant les perfluoro6- 
lastomeres, le fluoroelastomere contenant des 25 
fragments silicone, I'elastomere de nitrile, I'elasto- 
mere d'acrylique, I'elastomere olefine/diene, les 
elastomeres de polyethylene chlorosulfones, I'elas- 
tomere de polychloroprene, I'elastomere de butyle 
et de butyle halogene, I'elastomere de styrene-bu- so 
tadiene, I'elastomere de polydiene et I'elastomere 
de silicone. 



12. Membrane (10) selon la revendication 10 ou 11, 
dans laquelie I'elastomere thermoplastique est 35 
choisi dans le groupe se composant de I'elastomere 

de copolyether, de I'elastomere de polyurethane, de 
I'elastomere copolymere sequence styrene/polyo- 
I6fine, de I'elastomere polyamide, et de I'elastome- 
re copolymere d'ethylene. 40 

13. Membrane (10) selon Tune quelconque des reven- 
dications 6 a 1 2, dans laquelie le polytetrafluorethy- 
lene des couches non conductrices (30, 34 ; 40, 44, 

48 ; 62, 66, 70) est du polytetrafluorethylene expan- 45 
se densifie\ 



14. Membrane (10) selon I'une quelconque des reven- 
dications 6 a 13, dans laquelie la matiere de rem- 
plissage particulate conductrice est du carbone so 
conducteur. 



15. Membrane (10) selon I'une quelconque des reven- 
dications 6 a 14, dans laquelie I'element de detec- 
tion (1 2) comprend un ensemble de couches super- 55 
posees comprenant un composant non conducteur 
(40), un premier composant conducteur (42), un 
deuxieme composant non conducteur (44), un 
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